The modified Ludloff proximal first metatarsal osteotomy is indicated for the surgical correction of moderate-to-severe hallux valgus deformity associated with metatarsus primus varus. We report the intermediate-term results of this procedure.
S ymptomatic hallux valgus associated with a first intermetatarsal angle of >15° is typically corrected with a proximal first metatarsal osteotomy combined with a distal soft-tissue procedure when nonoperative treatment fails1'2. While the crescentic proximal first metatarsal osteotomy has been associated with acceptable clinical outcomes", concern about dorsiflexion malunion (which has been noted in association with äs many äs 28% of procedures performed with that technique''4'7'*) has prompted the development of surgical alternatives. In an attempt to reliably control the sagittal position of the first metatarsal, an increasing number of surgeons have employed the proximal chevron and modified Ludloff osteotomies, both of which are performed through a medial approach äs opposed to the dorsal approach used for the crescentic osteotomy4''''".
In 1918, Ludloff" described an oblique osteotomy from the dorsal-proximal to the plantar-distal aspect of the first metatarsal, and the procedure was performed without internal Disclosure: The authors did not receive any outside funding or grants in support of their research for or preparation of this work. Neither they nor a member of their immediate families received payments or other benefits or a commitment or agreement to provide such benefits from a commercial entity. No commercial entity paid ordirected, oragreed to payordirect, any benefits to any research fund, foundation, division, center, clinical practice, or other charitable or nonprofit organization with which the authors, or a member of their immediate families, are affiliated or associated. 
Materials and Methods

B
etween 1998 and 2000, 113 patients (125 feet) at two institutions underwent corrective surgery with use of the modified Ludloff osteotomy for the treatment of symptomatic hallux valgus. In four patients, the Ludloff osteotomy was performed äs a revision procedure after the failure of a KellerBrandes procedure. As part of the distal soft-tissue procedure, a lateral release was performed in all 125 feet. Nine patients (nine feet), including one of the four patients who had had a previous Keller-Brandes procedure, were lost to follow-up, and another patient died of a cause that was unrelated to the corrective bunion surgery. The other three patients who had had a previous Keller-Brandes procedure and one patient with general pain and a history of drug ab use were also excluded from the study. Thus, this prospectively followed cohort comprised ninety-nine patients (111 feet), including nine men and ninety women with an average age (and Standard deviation) of 56 ± 13 years (ränge, twenty to seventy-eight years). Postoperatively, the patients were seen for weekly office visits for the first six weeks and were then evaluated again after a mean duration of follow-up of 34 ± 8 months (ränge, eighteen to fifty-six months). The surgical technique was standardized, and the operations were performed by a fellowship-trained foot and ankle surgeon (H.-J.T., M.E.E.), one at each institution. Follow-up evaluations were performed by an independent observer (F.G., S.B.A. Jr.), one at each institution.
The indication for the modified Ludloff osteotomy was a symptomatic hallux valgus deformity with a first intermetatarsal angle of >15°. The hallux valgus angle did not influence our decision-making. The contraindications to the procedure were the same äs those for other proximal first metatarsal osteotomies, i.e., osteoarthritis of the first metatarsophalangeal joint and severe instability of the first tarsometatarsal joint (äs determined on the basis of clinical evaluation and lateral radiographs demonstrating gapping of the first tarsometatarsal joint). All patients had had a failure of a trial of nonoperative management consisting of shoe-wear modification.
Operative Technique
The procedure typically is performed with use of peripheral nerve block with Or without tourniquet control. A dorsal 3-cm longitudinal incision is made over the first web space. The lateral joint capsule and the metatarsosesamoid ligament are divided immediately superior to the lateral sesamoid. The transverse and oblique tendons of the adductor hallucis are released. The lateral capsule is fenestrated at the first metatarsophalangeal joint, and a varus stress is applied to the hallux to complete the lateral release. The transverse intermetatarsal ligament is not routinely divided.
A midaxial skin incision is made over the medial aspect of the first metatarsophalangeal joint, and an L-shaped medial capsulotomy is performed. Next, the metatarsal shaft is exposed with two Hohmann retractors. From the medial side, an oblique first metatarsal osteotomy is performed from the dorsal-proximal aspect of the first metatarsal (immediately distal to the first tarsometatarsal joint) to the plantar-distal aspect of the first metatarsal (immediately proximal to the sesamoid complex). The medial-to-lateral orientation of the saw blade limits the potential for dorsifiexion of the distal fragment, and, to further combat this risk, the osteotomy is routinely oriented 10° plantarward. Only the dorsal two-thirds of the osteotomy is initially performed (Fig. l, A) . A guide-wire for a 3.0-mm cannulated screw (Synthes, Paoli, Pennsylvania) is then inserted in the proximal aspect of the dorsal fragment, perpendicular to the osteotomy, and is overdrilled. The first 3.0-mm screw is then inserted into the drill-hole without füll compression, and the osteotomy is then completed (Fig. l, B) . The plantar fragment is gently pulled medially with use of a towel clip, and the dorsal fragment is rotated laterally with gentle thumb pressure applied to the medial aspect of the first metatarsal head (Fig. l, C) . After the desired correction is confirmed fluoroscopically, the first screw is tightened to secure the osteotomy site. A second screw is then inserted from plantar to dorsal across the distal aspect of the osteotomy site (Fig. l, D) . With protection of the plantar soft tissues, the second screw must be directed äs perpendicular to the first metatarsal äs possible; if this second screw is placed obliquely with a lag technique, the correction of the first metatarsal angle may be lost. With correction of large intermetatarsal angles, some degree of oblique screw positioning is required to achieve adequate screw purchase. In these cases, we recommend that the osteotomy site be stabilized with a clamp when the second screw is tightened. Once appropriate correction has been achieved, the medial eminence of the first metatarsal head is excised in line with the metatarsal shaft. After skin closure, the foot is wrapped in a traditional, mildly compressive bunion dressing.
Aftercare
Postoperative weight-bearing and immobilization is standardized. Provided that satisfactory fixation of the osteotomy site is achieved intraoperatively, the patient is permitted to walk immediately in a postoperative shoe, bearing weight on the heel only. In the rare instance in which fixation is not optimal, we recommend the use of a short leg walking cast for We conclude that the modified Ludloff osteotomy combined with a distal soft-tissue procedure yields satisfactory outcomes and Iow complication rates that are comparable with those associated with other methods employing a proximal metatarsal osteotomy for the correction of moderate to severe hallux valgus. Like other proximal metatarsal osteotomies that are performed from the medial aspect of the metatarsal, the modified Ludloff osteotomy has a Iow risk for dorsiflexion malunion. The technique affords the surgeon control of the osteotomy throughout the procedure äs initial fixation between the two fragments is established before completion of the osteotomy. We recommend careful radiographic evaluation in the immediate postoperative period, particularly for patients over the age of sixty years and those with suspected osteopenia. Such patients should be restricted from bearing weight on the forefoot for a longer period of time in comparison with younger patients who have satisfactory fixation of the osteotomy site. Furthermore, if osseous callus at the osteotomy site is noted postoperatively, temporary immobilization in a weight-bearing cast should be considered. »
